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Executive Summary

The Corroson Tracker program to develop the Corroson Environment Monitoring (CEM)
system was performed by Honeywell Laboratoriesin Minnegpolis, Minnesota, and funded by
Wright- Peatterson Laboratories. The CEM system is a data acquisition device designed to collect
and gtore environmenta data for military and commercia aircraft. Accurate and robust
commercid off-the-shef (COTS) sensor systems are combined with state-of-the-art processing
units to capture and store awide range of physical datarelated to the corroson phenomena. The
collected sensor data include temperature, humidity, pH concentration, chlorideion
concentration, and the free potential of duminum. The collected data can then be used in
predictive maintenance and other history-based prognostics. The data stored on a PC card is
transferred to ahost PC using the CEM Analysis software for postcollection display and
andyss.

The CEM is composed of two modules interconnected by a shielded cable containing eight
twisted-wire pairs (16 single wires). One of the modules, the Sensor Module, contains four
COTS sensors. achloride-ion sensor, a pH sensor, a humidity sensor, and atemperature sensor.
A fifth sensor, afree-potentid dectrode, is a specidly built eectrode constructed of the specific
materia being monitored for corrosive damage. The free-potentia e ectrode can be easily
interchanged to monitor the corroson of another materid.

The second module is the Electronics Support Module (ESM). The ESM controls the overdll
CEM system and includes: a PIC processor for I/O control and data anaysis, aflash card
memory for data Storage, alow-power LCD display supported by a dedicated display
processor with associated switches to control the display and CEM functions, and a power
supply consisting of two AA batteries. The CEM aso has ared-time clock that controls the
data- sampling rate and timestamps the data. A photo of the CEM hardware unitsis shown in
Figure 1.

This report contains atechnica discussion of the CEM device and referenced documents,
including a discussion of the mechanica, eectronic, and software design.



Figure 1. Photo of the CEM Unit—Sensor Unit and Electronic Support Module



I ntroduction

The Corroson Environment Monitoring (CEM) system is a data acquisition device designed to
collect and store environmental data for military and commercid aircraft. Accurate and robust
commercd off-the-shelf (COTYS) sensor systems are combined with state- of-the-art processing
units to capture and store awide range of physica datarelated to the corrosion phenomena. The
collected sensor data include temperature, humidity, pH concentration, chlorideion
concentration, and the free potential of auminum. The collected data can then be used in
predictive maintenance and other history-based prognostics. The data stored on a PC card is
trandferred to a host PC using the CEM Andyss software for postcollection display and
andyss.



Background

The corrogive environment monitor grew out of prior work at the Honeywell Technology Center
that yielded Patent No. 5,549,803, titled “ Smart Fastener.” The Smart Aircraft Fastener
Evduation (SAFE) system, shown in Figure 2, was developed to detect the corrosion process
occurring in the lap joints of arcraft skins or within aircraft structural members. Its unique
features were its smal sensor size and the concept of embedding this sensor within a sandard
arcraft fastener. The SAFE system was not designed to monitor a genera environment. It relied
on aspecid microsensor array (i.e., sensors on a chip) that was developed for Honeywell by the
Lawrence Livermore Nationd Laboratory. This microsensor array was not adequately tested to
verify its functiondity or rdicbility.

Figure 2. SAFE System Showing Sensor and Data Recorder with the Cover Removed

The current CEM system addresses and overcomes severd problems with the SAFE system. In
itsgenerd application, the CEM provides abass for performing corrosion ingpections on a
“condition” or “exposure’ basis rather than on a preestablished schedule basis, and it provides
the necessary metric, an exposure index, on ared-time loca display. The exposure measure
monitors alarger area of exposure rather than avery smal and localized area. The CEM dso
uses COTS sensors, thus eiminating the risks associated with specia- purpose, custom micro-



sensors. Findly, an interchangesble free-potentia dectrode allows the CEM to be easily
modified for the specific materia and area to be monitored rather than requiring the costly
processing of a new integrated sensor circuit structure on an 1C process line.

The Smart Fastener was designed to work with and be supported by an offline PC. Data
collected by the SAFE system was transferred via a flash card memory to the support PC for
andyss and readout. The onboard system had no display capability or even an “on/off” switch.
The CEM includes alow-power LCD display and push buttons so the user can directly read out
the system and can control the displayed outputs. The user can thus choose to display the current
vaue of each sensor, the dose exposure index, or the result of a built-in-test check. The user can
aso activate the CEM from its powered-down mode.

In summary, the CEM has been implemented for broad gpplicability and convenient use. It can
be used to monitor the potentia corrosion activity in any area where moisture collects.

CEM Hardware

The CEM hardware evolved from the origind SAFE program. The SAFE system conssted of a
custom sensor unit, aPCMCIA card for data storage, aRAM chip, and a PIC microcontroller.
The microcontroller would wake up at predefined time intervals and take sensor readings. After
reading the sensors, the processor would st itsinternal wake up timer and then go to deep.
After enough sensor readings were taken to fill up the RAM, the data was written to the
PCMCIA nonvolatile memory. The user could then debrief the unit by removing the PCMCIA
card from the unit and inserting iut into a PC that is running a Visud Basic application which
formats the data file. The sampling parameters can be set using the same Visua Basic program;
the card is then reinserted into the SAFE unit and resumes taking deta at the specified intervals.
More information on the Visua Basic program can be found in the software section.

Two sgnificant changes were made to the SAFE system to creete the CEM unit. Firg, the
custom sensor unit was replaced with off-the-shelf sensors that were moved into a separate
module and connected to the recorder using two cables. Thiswas done for two reasons. (1) the
custom sensor unit was no longer available for avariety of reasons, and (2) the off-the- helf
sensors were much less expensive. The new sensors were put into a separate unit so that the
recorder did not have to be collocated with the sensor unit thet isingtaled in hard-to-reach areas
such as under the floor of a helicopter. The second magor change between the SAFE and CEM
units was to add atime keeping RAM, aong with an LCD display for obtaining status
information. This change was accomplished by removing the RAM that was on the origind

SAFE board and adding a connector to a custom-devel oped daughterboard. The daughterboard
includes an LCD display driver, interface eectronics that talk to the sensor module, and aRAM
that doubles as ared-time clock. The LCD displays the current status of the unit. The readings
from the sensors go both to the main board to be recorded and to the microcontroller that drives
the LCD so that the current sensor readings can be displayed.



Electronics Support Module (ESM)

The ESM unit congsts of three printed circuit boards: the existing SAFE board asthe
motherboard, a daughterboard, and athird board that implements a battery shutoff circuit.

The motherboard includesa PCMCIA card, a PIC microcontroller, severa andog-to-digitd
(A/D) converters, and a connector to the daughterboard. The PIC controls the data sampling, as
well as the power management for both the recorder unit and the sensor module. When a
PCMCIA card isinserted into the CEM unit, the PIC reads the configuration information that
was previoudy stored on the card using a Visua Basic gpplication (discussed in the software
section) running on a separate computer. The configuration informeation tells the PIC which
sensors to sample using the A/D converters and the sample rate for each sensor (which the user
can vary from sensor to sensor). The PIC then reads the time from the time-keeping RAM and
writes this timestamp on the PCMCIA card. The PIC then goesinto avery low power deep
mode. The PIC wakes up briefly every minute to seeif it istime to sample any of the sensors; if
not, it goes back to deep. If it istime to sample, the daughter board and the sensor unit are then
powered up, and data is taken after a short delay to alow the sensors to settle. After sampling a
sensor, the PIC gtores the data temporarily in the time-keeping RAM, which is located on the
daughterboard. When this RAM fills up (512 bytes), the PIC transfers the data from the RAM
to the nonvolatile PCMCIA memory card and then startsfilling the RAM again. Thisis repeated
until the PCMCIA card is removed for debriefing.

The daughterboard includes a PIC microcontroller that acts as an LCD display driver, aswell as
decoding the four user input buttons, line driver recaivers, a power supply, and signa
conditioning circuits. The daughterboard can be powered up either by the motherboard when it
istime to sample data or by the user pushing the power button. When the motherboard is
sampling, the line driver receivers and the sgnad conditioning circuits are turned on and the output
datais passed down to the A/D converters on the motherboard. The daughterboard will also
respond to the button pushes made by the user. The LCD and the four buttons can be used to
gather CEM datus information. The user can interrogate each of sensorsindividualy or run a
built-in test that checksto seeif the sensor readings are reasonable. The user can aso check on
the battery voltage. The user interface modes are explained in the software section.

The battery monitoring circuit isimplement on the third printed circuit board. The purpose of this
board isto monitor the battery voltage and cut off power to the recorder unit once the battery is
drained. This prevents the user from overdraining the battery, which causesit to corrode and
creates amess. The battery cutoff is set for approximately 3.6 V, which corresponds to when
each of the four AA cdlsisdownto 0.9 V.

Sensor Module

The sensor module consists of five sensors, one sensor printed circuit board, and two pre-
amplifier boards. The sensors are a combined humidity and temperature probe, a free-potentia
electrode, a chloride ion detector, and a pH sensor. The printed circuit board consists of some
sgna conditioning circuits, power supplies, and some line drivers o that



the analog signal's can be driven over the 15-foot cables. The sensing end of each of the sensors
protrudes through the housing to the environment being sensed. A rubber gasket around each of
the sensors ensures that the sensor module is watertight. The free potentia, chloride ion, and pH
sensors are fed into a preamplifier board that isolates these sensors from each other. All the
sensors are then sent into a second preamplifier board that provides a high-impedance buffer
dage. Findly, the outputs are sent down to the Sgnal conditioning circuitry and then into the line
drivers to send the signds through the cables back to the recorder unit. The recorder unit
provides the power management along with the power itsef. The battery voltage provided is
converted to both +5 V and -5V, which the line drivers require.
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Figure 3. Electronics Support Module



4 3 ' I | 1
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Appendix

Corrosion Environment Monitor (CEM)
Softwar e Users Manual



CEM Host Software Users Manual

CEM Evaduation System
Verson 1.0
August 12, 2000

Honeywd | Laboratories
3660 Technology Drive
Minneapolis, Minnesota 55418
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Section 1
System Overview

The Honeywd | Corrasive Environment Monitor (CEM) system conssts of multiple environmenta sensors

coupled to along-term battery-operated data recorder and a host computer system equipped with a PC Card
(formerly PCMCIA) socket. The sensor electrodes are mounted insde the sensor module, which samples
environmenta and chemica conditions asthey exig in the aircreft.

12



Section 2
| nstallation

Severd components make up the CEM host system. These include the

CEM Host Interface Program and
PC Card (formerly PCMCIA) solid-state hard disk.

Ingtdlation ingtructions for each of these components are presented in the following sections. Read through each
section before beginning ingtdlation, and pay careful atention to any specia notes or warnings.

2.1 Host I nterface Software I nstallation

The host control and communications program (CEM Host Interface Program) is a 32-bit Windows application
developed with Microsoft Visud Basic verson 6.0. Ingdlation is accomplished by running the setup.exe
program found on the media distribution CD-ROM. In Windows95, this can be done by sdlecting the RUN
command from the START menu and browsing to the CD-ROM (see Figure 2.1).

Run |

Type the name of a program, folder, or document, and
Windowes will open it fior pou.

Oper: !D:'\Setup.exe j

¥ Burin Separate Kemon Soace

)% I Cancel | Browsze. .. |

Figure 2.1: Running the host setup program from the CD ROM on a Windows95 PC.

The setup program for the CEM Hogt Interface Program is menu driven and has severd ingtdlation options.
Mogt decisions are automatic and follow common protocols.

The user must choose atarget directory into which the CEM host program files will be loaded. The default is
C:\Program FilessCEM\. Any valid path may be entered. After salecting the target directory, pressthe large
button with the picture of a PC to continue.

A progress indicator provides information on the ingtalation process. Follow the directions carefully. At the end
of the procedure, the setup program will create an execution icon in the Windows95 expanding START menu.
Sdecting thisicon will run the CEM Host Interface Program. The executable ingtdled into the target directory is
named CEM.exe Section 3 details CEM Host Interface Program operation.
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2.2 PC Card Flash Disk Installation

A PC Cad (formerly PCMCIA) flash disk is used to store and transfer data collected by the CEM recorder to
the host system. This solid-state card is recognized and configured by the WindowsO5 operating syssem asa
standard hard disk and gppears under file selection menus as a lettered drive. The solid-tate disks have been
formatted and given the volume labels“ CEM Disk”; they will be referred to in this document as CEM Disk.

The plug’ n’ play drivers of Windowso5 automate card ingtalation. In typica systems equipped with a PC Card
socket(s), the user need only insert the card into an empty socket after the PC has been booted and the
operating system has finished loading. Commonly, a tone sequence confirms recognition of the card.

NOTE: The datafile“CEM.txt” onthe CEM Disk is not to be modified directly by the user through the
Windows95 operating system. The file is editable directly from the window manager, and there are no
safeguards to prevent user corruption of the data file. The CEM Disk should be removed from the host computer
when not in use to prevent unauthorized file manipulations.

14



Section 3
Host Software Operation

After Ingdlation, run the CEM Host Interface Program by sdecting the CEM.exe executable in the START
menu. It isbest to have the CEM flash disk inserted and functioning prior to executing the Host Interface
Program, and that the disk is not removed until after the program has been exited. After running the program, the
main control pand shown in Figure 3.1 is|oaded.

CEM Main Control Panel
" [Data Sccess Contral
—— (E it
CEM Input File: i Browse
T arget Directony: I Browsze
Help
‘ Save Session Mew Session
About
" Data Collection Parameters CSustem Statiis
Drata [term Sampling [nteral Recorder Senal Mumber. I
T S e sl s T
pH r ‘H Ll i_ Hie i_ Wi, [atal Samples: [ otal Fesets
o 4] M He [ Min
[ Battery Condition
4 * ! ! I
e J"’ —-l s i otz Percent Life R emaining
Tem ™ 4]] M He [ Min | |
. Emipty Full
Hum. ™ *H Li l HI’S.i kin. i :
[ Buck Wiew
Time Ref. !
mH | Ck | W ‘ Tem ‘ Hum

Figure 3.1: CEM Host Interface Program main control panel.

Thisformis divided into three mgor sections: Data Access Control, where file locations and save commands are
executed; Data Collection Parameters, where the sampling rates and channel selections are made; and the
System Status, Battery Condition, and Quick View sections, which provide debrief information. At startup,
daus information is not displayed because the recorded data file has not been processed.

The sampling rates, time reference, and data associated with a SESSION are stored in asingle file on the CEM
Disk cdled “CEM.txt”. Thisfixed-sze sesson file isthe only file on the CEM Disk. It has been created by the
manufacturer and resides at fixed address blocks in the logical disk space. The file contains 14,002 blocks of
512 bytesfor atota size of 7,169,024 bytes. The first two blocks contain sampling rate

15



information and the time reference, and the remaining 14,000 blocks contain stored data. Data samples and
recorder events, such as resets, are logged in the stored data section.

The Hogt Interface Program writes the data collection parameters (sampling rates and time reference) in the data
file on the CEM Disk. When the disk isinserted into the data recorder, the recorder’ s computer reads the
configuration information on the disk, sets the time reference, and begins data collection according to the stored
parameters. The data recorder begins adding data to the collected data region of the disk at the end of the
existing data record. If the disk has been erased by the host system, the recorder begins to add data samples at
the beginning of the data storage space.

Severd types of data elements are stored in the data storage space. They include processor resets and data
samples. During debrief, when the session is saved, the Host Interface Program reads the data section of the
session file and parses the information according to data type. Once parsed, the specia elements are used to
update the sensor status information displayed on the main control panel of the CEM Host Interface Program.
The remaining data samples are written to text data files on the host computer.

These data are read and parsed into six data files by the Host Interface Program. The resulting data files can be
read and displayed using common tools such as Microsoft Excd.

3.1 Processing and Saving Collected Data

To process and save collected data, the user browses to the CEM Input File “CEM.ixt” on the CEM Disk,
identifies atarget directory on the host computer for the processed files, and sdlects  Save Sesson” ontheman
control pand. Selection of the CEM Input File and target directory for the processed filesis accomplished by
selecting the “Browse” buttons on the main control pand. Figure 3.2 shows the open dialog box that appears
after selecting “Browss” next to the“ CEM Input File’ text box. Thisdidog is used to identify the file “CEM.txt”
on the CEM Disk.

16



Open

Loak jn: I = )

File name: !cem.t:-ct Open I
Files of type:  [CEM Input File [CEM.tt) =] i |

[T Open az (ead-only

Figure 3.2: File dialog box used to browse to CEM Input File“ CEM.txt".

Figure 3.3 shows the save dia og used to sdlect the target directory for the processed data files. The actud
names of the Sx datafiles created during the save session command processing are computer generated, and the
browse process only identifies the target DIRECTORY . If the computer-generated files exigt in the sdlected
directory, an error occurs and the user must select adifferent directory.

Save As |
Savein | TestData 4 gl i =

Fil= name: !Eu:umputer Generated Filenames Save I
Save as ype; ITe:-:t Files [*.bxt) LI Cancel |

[~ Open az read-only

Figure 3.3: File dialog box used to select target directory for processed datafiles.

After the CEM Input File and target directory for the processed files have been sdlected, the user may sdect and
execute the “ Save Session” command. The filename and target directories are shown in the text boxes on the
main control pand. After selecting the “ Save Sesson” command, a progress didog box appears and tracks the
processing and save functions. The box shows the current and total number of data

17



blocksin the CEM Input File. The process can consume severad minutes, depending on the speed of the host
computer and the amount of datain the data file. Figure 3.4 shows the progress dialog.

T

Processzing block 821 of 2159

Figure 3.4: Progress dialog displayed during CEM session command execution.
System Status | nformation

When the save sesson command is complete, the System Status and Battery Condition sections of the main
control pand are enabled and data obtained from the processed file are displayed. In the System Status frame,
the Recorder Serial Number of the device that stored the samples on the CEM Disk is displayed. If the data
have been stored from more than one recorder (a practice highly discouraged), the string “multiple” will show in
the serid number text box. The totd number of data samples contained in the datafile is displayed, asisthe totd
number of recorder resets encountered during data collection. Recorder resets are logged in the data files when
the CEM Disk isinserted into the data recorder.

Battery Life Indicator

Samples of the battery voltage are automaticaly stored in the recorded datafile a the rate of the most frequently
sampled data type. By matching the battery voltage samples to the most frequent user-sdlected sampling rate, it
is ensured that reading the battery voltage will not cause unnecessary energy consumption during recording. After
saving the session, the Battery Condition section of the main control pand is activated. This section showsthe
last recorded beattery voltage and the percent life remaining as afirst-order linear representation of the voltage
span beginning at 4.5V (0%) and 6.40 V (100%). These ranges span the useful life of four akaline batteries.
The firg-order gpproximation isarough indication of percent life remaining; for amore accurate number, the
user must evauate the current voltage level againg the life curve for the specific cells employed during deta
collection. The data recorder continues to operate at voltage levels below 4.5V, and will continue down to
around 4 V, but the internd sensor referencing circuit beginsto tail off at 4.5V, causing the cdibrations to go out
of specification. Data collected with the battery voltage lessthan 5.0 V should be considered inaccurate.

Figure 3.5 shows the main control pand after the “ Save Session” command has been executed.
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CEM Main Control Panel
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Figure 3.5: CEM main control panel after processing and saving data.

Recorded Data Files

During the execution of the “ Save Sesson” command, the host interface program creates Sx datafilesin the
selected target directory. The datafile names are computer generated and are of the format
“<filename(<date.crested>).txt.” The <filename> parameter is one of six vadues. Battery, Cl, Humidity, Ph,
Temperature, or Voltage. The <date.created> parameter is obtained from the system date on the host computer.
Figure 3.6 shows the contents of the target directory after the “ Save Sesson” command has been executed.
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@& Test Folder _ (O]
File Edit Mew Help
M ame I Size | Type | todified |
E {Battery(S.14.00) txt | KB Tewt Document 2814400 17:55 A
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% Temperaturs[3.14... KB Text Document 2/14/0017:55 Ak

% Woltage(2.14.00]. bt JKB  Text Document 2/14/0017:55 Ak

6 obiect(s] |16.2KE ,,;

Figure 3.6: Contents of the target directory after the “ Save Session” command has been executed.
File Formats

The recorded data files are text- readable documents. Selecting the “ Quick View” buttons for each data type
opens the corresponding file in the target directory with the wordpad text viewer. Each file contains three
columns of data separated by commeas. The first column contains a sample number index, the second the
recording time of the sample rdative to the time reference, and the third, the calibrated vaue of the sample. The
units of al samples are volts except for temperature, which isin degrees Cdsus, and humidity, whichisin
percent relative humidity. The cdibration constants used to determine the values of temperature and humidity are
coded directly in the host interface software and represent nomina values as given by the sensor manufacturers.
Process variances have not been included in the calibrations.

The sample times listed in the recorded data files are reconstructed using the specified time reference as a garting
point and the stored sampling intervals as additions between samples. An independent red-time clock is
contained in the data recorder. A more detailed discussion of this and related topics can be found in Section 3.2,
Data Collection Parameters. Section 4 details the use of Microsoft Excel for plotting and trending the recorded
datatypes. Figure 3.7 shows a Stored data file as viewed using the “Quick View” functions.
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Figure 3.7: Quick View of the temperature datafile.

3.2 Data Collection Parameters

The parameters that define data collection are written by the Host Interface Program to a specid section on the
PC Card during execution of the “New Session” command. The “New Sesson” command can only be
executed after the CEM Input File has been identified and the data collection parameters have been set. The
data collection parameters are set either by adjusting the values as they gppear on the main control pand or
saving the sesson contained on the CEM Disk. Saving the sesson loads the existing data collection parameters.
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Execution of the “New Sesson” command causes the data collection parameters displayed on the main control
panel to be written to the configuration section of the CEM Disk. The data section of the CEM DisK is erased.
Figure 3.8 shows the main control pand with an input file sdlected and data collection parameters specified.

CEM Main Control Panel

" Data Aiccess Conbrol
— . Exit
CEM Input File:  [J:ACEM. bt Browse
T arget Directary: iD:'\unit?-E'\Test Folder Emwsa
Help
‘ Save Session Mew Seszion
About
" Data Collection Parameters " Systern Status
Diata Item S ampling Interval Recarder Senial Murmber: |26
H & I | _,,I iD_‘ Hie [0 Min Tatal Samples: 424 Total Rezets: 1

o # 4] o Hes 1o Min

" Batteny Condition
(% v oA » !D Hiz. {10 | Min.
- —Ll —J 1% " Woltz: 4954 Percent Lite Remaining: 52%

Tem I <] | 2o THis 1o in [—1 |
Hum & 4] ] o His [0 Min S Ful

" Quick Wiew

Time Rek: J05/14/00 10:16:27 &M
| pH | Cl- | Wt |Tem. |Hum

Figure 3.8: Main control panel with input file and data collection parameters specified.

When the CEM Disk is removed from the host computer and inserted in a data recorder, the configuration
section is read, and data collection begins according to the stored data collection parameters.

The data collection parameters consst of an enable item and sampling interva for each of the five typesand a
time reference used to recongtruct sample times during debriefing (sesson saving). Each of the five datatypesis
enabled by sdlecting the corresponding check box in the Data Collection Parameters frame on the main control
pand. The corresponding sampling interva for each sample type is set by adjusting the dider next to the check
boxes. The sampling interva can range in frequency from one sample per minute to one sample every 255 hours
and 59 minutes. Adjust the interva by minutes by selecting the dider arrows and by hours by dlicking above and
below the dider on the bar face.

The setting of sampling intervals directly affects power consumption and battery life in the data recorder. The

more frequently samples are taken, the more power is consumed. Section 5 presents a detailed discussion on
power consumption.
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A sxthdata type, battery voltage, is automatically enabled and set to a sampling interva equa to the most
frequent user-sdected vaue. This ensures that the battery voltage samples will only occur concurrently with other
samples, thereby conserving power by never actualy causing a power-up.

The time reference is stored on the CEM Disk in the configuration data space. The time reference is set when an
erased CEM Disk is placed in the data recorder. The red-time clock contained within the data recorder sets the
time reference on the data recorder configuration cycle. The time reference is used during collected data
processng, aong with the sampling interva information, to derive red-time stamps for each eement of collected
data. Thetime reference is used asthe gart time, and the sample times are computed by adding sampling
intervas. For example, presume the data recorder is configured to Store temperature samples at 1-hour intervas
and the time reference is January 1, 1998, 12:00 PM. If, when saving the session, 10 samples of temperature
exig in the datafile, they are assgned sample times of 1:00 PM, 2:00 PM, 3:00 PM, etc.

System Resets

When the CEM Disk isinserted in the recorder, the recorder reads the configuration information contained on
the card and begins collecting data according to the parameters. After reading the configuration information, the
recorder writes areset element to the data recording space on the disk. If the disk has been erased by the host
control program, the reset event is a the beginning of this data file. The reset event contains the serid number of
the recorder that issued the reset. Every time the card isinserted into the recorder, areset event is generated and
recorded.

During the processing of the recorded detafile by the host system, the number of reset events contained in the
datafileis counted and displayed in the satus frame. The serid number associated with the reset event is
displayed in the seria number window. A unique serid number is associated with each recorder. The flash disks
are generic, asisthe host interface software.

If aflash disk is moved from one recorder to another without erasing the data file, multiple serid numbers will be
recorded in the file. Thisis not an error, but it does make the logigtics of tracking the different regions of the data
set more complicated. If more than one serid number exigs in the detafile, the message “multiple” will gppear in
the serid number text box. It is recommended that the CEM Disks only be used with asingle recorder between
erase procedures.

The architecture of the data recorder has severd levels of data caching. Thisis done to limit the number of block
writes to the CEM Disk during data collection and conserve power. Depending on the system data collection
parameters, these cache spaces are transferred to the nonvolatile portions of the flash disk at different intervals.
Some data and events may not be written to the CEM Disk if the syster does not operate over a certain defined
interva. A total of 86 samples are stored in the cache before each block write to the CEM Disk. Therefore, if al
five data items are enabled and selected to sample every minute (plus one sample per minute for the battery
voltage), atota of about 15 minutes of recording must occur before any samples will be written to the disk.
Smilarly, depending on when the card is removed from the data recorder, up to 86 sampleswill be logt.

Erasing the Data File

The datafile* CEM.txt” contained on the CEM Disk should only be manipulated using the CEM Hogt Interface
Program. Due to the system congtraints of the data recorder, a much abridged set of file
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management functions has been implemented to manipulate the data file on the CEM Disk. In fact, the logica
location and size of the file is assumed fixed by the recorder. The file has been created by the manufacturer and
must not change in location or size on the CEM Disk for the data recorder to operate. Both the recorder and the
Hogt Interface Program modify the file without changing itslogica location or length. Regular Windows95 and
DOS-supported file manipulations obvioudy dlow differing length and fragmented files. The fragment information
and file sructure is written to configuration sections of the disk that alow the operating system to recongtruct the
files during access. The CEM data recorder supports none of this functiondity. If afile manager directly

manipul ates the disk, the file may become fragmented or relocated. The file would still gppear normd to the
Windows95 (or other) operating system but would not function in the CEM recorder system. There is no need
to modify thefile directly. Unfortunately, there is no smple way of blocking direct file system accessto the disk
while dlowing the hogt program access. So it is|eft to the user to ensure that the data file is not manipul ated.

If thefile“CEM.txt" is accidentaly corrupted on one of the CEM Disks, use the following procedure to recover:

Format the CEM Disk under Windows95;
Copy thefile“CEM.ixt” from the BACKUP DATAFILE directory on the media CD-ROM.

If thisfailsto correct the problem, send the disk back to Honeywell for reformatting.

To erase the data on a CEM Disk and start a new recording session, begin by specifying the CEM Input Fileon
the main control panel. The erase procedure itsdlf is atime-consuming operation. During norma Windows95-
supported file erasure, the configuration section of the disk is smply reset to not point to the file data.
Subsequent disk operations will use the space formerly occupied by the erased file as needed. The CEM system
writes blank information to the CEM datafile over any collected data that isin the file. The procedure is more
like aformat command, in that individua elements are reset to aknown (blank) state. A progressbar is
displayed to show the user how the erase procedure is progressing. Figure 3.9 shows the progress form. On a
100-MHz PC, the procedure takes agpproximately 10 minutes.

Setting Parameters and Erasing Data

Processing block 440 af 14000,

Figure 3.9: Progress form for erase procedure.

3.3 System Infor mation

Verson information for the CEM Hogt Interface Program and other system information can be obtained by
selecting the * About” button on the main control pand. Figure 3.10 shows the about pandl.
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CEM Interface Program
Version: 2.00.00.

Honeywell Technology Center

3660 Technology Drive
Minneapoliz, MM 554718

Copyright 2 1338 Honewwell [nc.

Warning: This program iz protected by copyright law
and international treaties. Unauthorized reproduction

or distribution of this prograrm, or any portion of it iz
prohibited. System Infa..

Figure 3.10: Host Interface Program About pand.
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Section 4
Analyzing Processed Data Files

Depending on the data collection parameters, up to five recorded data files plus the battery voltage detafile are
created by the Host Interface Program during “ Save Sesson” command execution. These files are formatted in
three columns of text-readable characters interspersed with two column rows of system reset tokens. The three
columns of each row of data samples are index (sample number), timestamp, and vaue. The two columns of
each row of reset tokens are reset identifier and recorder serial number. The data files can be imported into most
exising data andysis tools such as Microsoft Excel as formatted ASCII files. The procedure for inputting and
plotting datain Microsoft Excdl is outlined in this section. In this example, Microsoft Excel 98 (verson 8.0) was
used running in WindowsNT 4.0.

Launch Excel. From the File menu, choose Open. In the Open dialog box, sdect file type “All Files” Browseto
the target directory that contains the data files and select one of the text files. Figure 4.1 shows the Open didog
box configured to open a Humidity datafile.

Open EHE
Look in |;:] TestData Li aiil IE;E EE'i=E|

=| Battery(2.5.958) txt Open

Iz 5,987, b=k
..' Hurnidity(2,5, 987, bxt ‘LCB'J
=] Ph(z.5.98) txt fdvanced. .. I
% Temperature(2.5.93).kxt

IZ] voltage(2.5.98) txt

Find files that match these search criteria:

File name: I Li Texk or properky; I _'__I Find Mows |
Files af byvpe: I.C\II Files (*.*) ;j Last modified: lany time _v_I Mew Search |

[ File(s) Found,

Figure4.1: Microsoft Excel importing arecorded datafile.

When Excd attemptsto load thefile, it recognizes the contents as readable ASCI1 and launches the text import
wizard. There are three stepsin theimport wizard. Figure 4.2 shows step 1, where the user identifies the input
fileasaddimited ASCII file.

Figure 4.3 shows step 2 of the import wizard, where the user identifies comma ddimiters and verifies that the

column breaks are aligned with the text columns. The fina step of the import process is specifying the data
format of the numbers contained in the columns.

26



Text Import Wizard - Step 1 of 3 BEE
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Figure 4.2: Step 1 of the Excel text import wizard.

Text Import Wizard - Step 2 of 2 E E
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s n e
[T space [ oOther: Textk Qualifier:
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2 12-11-97 02:08:41 [22.224

3 12-11-97 02:09:41 [Z20.768

4 12-11-97 02:10:41 (19.767

c 12-11.-97 02:11-49 {19 040 :ﬂ
i [

Cancel < Back ‘ Mexk = | Einish J

Figure 4.3: Step 2 of the Excel text import wizard.
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Text Import Wizard - Step 3 of 3 BEE

This screen lets wou select each column and set ~Colurmn data Farmat
the Daka Format.

' General
'General’ converks numeric values bo numbers, date ) Tewk
values to dates, and all remaining walues ko text,  pate: |MDY iz

" Do not import column {Skip)

rData preview-

Cenera Cereral
FESET iz=usd from Fecorder # (4
12-11.-97 02
121197 02:
12-11-97 02:
121197 02
12-11-97 02

Zancel 1 < Back

Figure 4.4: Step 3 (final step) of the Excel Text Import Wizard.

After importing the data file and adjusting the column widths to fit the number of characters, the data dements
appear in the columns of the spreadsheet. Figure 4.5 shows the data in the spreadsheet. The reset token, issued
from recorder #2, can be seen on thefirgt line.

A plot of the data versus the sample number can be obtained by sdlecting two columns of the data and launching
the chart wizard. To sdlect multiple nonadjacent columnsin Excel, push the column header designator of the first
column, hold the ctrl key, and push the column identifier of the second column. To launch the chart wizard, sdlect
the chart wizard button (multicolored bar graphs) on the icon menu. Figure 4.6 shows the index and vaue
columns selected just prior to launching the chart wizard.

After launching the chart wizard, select the “ scatter plot with data points connected by lines’ option and then
choose “Finish.” This sdectionisshownin Figure 4.7.

The resulting plot is shown below in Figure 4.8. The plot can be modified to include axis labels, atitle, etc. A
smilar procedure can be followed using the sample times to obtain aplot of time versus relative humidity.
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Figure 4.6: Selected index and value columns in Microsoft Excel.
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Chart Wizard - Step 1 of 4 - Chart Type EE
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Figure 4.7: Select scatter plot with data points connected by lines.
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Figure 4.8: Completed plot.

30




Section 5
Recorder Batteries

The recorder usesfour AA dkaline batteries. The life of the batteries is corrdated with the sampling rate of the
recorder.

5.1 Calculating Operating Life

This section will go over the numerica andlyss of the battery voltage level as afunction of both time and sampling
rate. The use of the LCD digplay will dso shorten battery life. The following analys's excludes the use of the
LCD digplay, snce the assumption is that the display will be used infrequently. Data were collected over six trid
runs, each lagting between two weeks and six months. Sampling rates for each trid remained fixed and ranged
from one sample per hour (S/Hour) to 60 S/Hour. Battery voltage levels were sampled each cycle, dong with
other project-specific environmenta attributes. The batteries used during these tests were Rayovac “ heavy duty”
AA dkdinecdls

There are three distinct stages of behavior for the project battery. The first stage is an exponentia decay from the
darting voltage level to approximately 5.9 V. The second stage is alinear decay from 5.9 V to approximately

5.2 V. Beyond this point, data are only available for one of the six trids. In this case, athird stage gppears as a
relatively fla voltage level over time until a certain point, a which termina decay begins. The battery voltage of
5.2V will be consdered the point a which the battery life has ended.

Breaking the life of the battery into two stages, it is possible to obtain functiond relationships between voltage
leve, lifetime, and sampling rate. Table 5.1 shows some key vaues used in the derivation of these relaionships.

Table5.1: Summary of Key Vaues.

#| Rate | Vaat | Tsat-s9v Linear Slope

1| 60/hr | 6.45V 7,800min -20.45
nV/Cyc

2| 60hr | 6.30V 5,760min -20.04
nV/Cyc

3| 60/hr | 6.40V 5,520min -20.12
nV/Cyc

4| 4| 6.40V | 69,120min -23.04
nV/Cyc
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5/ 2hr| 6.40V | 103,680mi -25.12
n nV/Cyc
6| 1/hr| 6.40V | 139,680mi -32.24
n nV/Cyc

Although it would be difficult to characterize the exponentia decay rate of dage 1, it is possble to define atime
and sample rate relationship based on the data obtained. Figure 5.1 shows a curve-fitted relationship between

decay timeto 5.9 V (normalized to starting voltage level) and sample rate.
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Figure 5.1: Normdized decay timeto 59 V.

70

Based on the curve-fitted formula (generated by Microsoft Excel), a sampling rate of zero would yield a decay
timeto 5.9V of 33,313*V«at. FOr example, a battery starting at 6.4 V would decay to 5.9 V under no dynamic

sgna conditions in 213,200 minutes, or 148 days.

Figure 5.2 shows the relationship between sampling rate and linear voltage decay rate found in the stage 2 (5.9 V
to 5.2 V) region. This plot was curve fitted for both linear and second order to achieve the best zero intercept

gpproximation given the lack of data between sample rates of 4 and 60.

Thereis dearly little difference between the curve-fitted formulas for first and second order. Therefore, it is
correct to assume that the relationship between sampling rate and linear decay inthe 5.9V to 5.2V region is
linear, with a static decay rate of —11 nV per hour and adynamic rate of —20 V' per hour per
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sample/hr. The dope of the decay reate line will provide an easy means of determining the time for a battery to
decay from 5.9V to 5.2 V under any dynamic operating speed.

T T T T T T
"\10 20 30 40 50 60 70
-200
y =-20.038x - 11.243
y= 040017)(2 -20.142x - 11.014
~ \
-600
X Seriesl
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- \
-1200

) |

Microvolts per Hour

-1400
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Figure 5.2: Battery voltage decay rates: linear decay region.

A smple formula can now be congructed to characterize the battery lifetime from start to end (5.2 V). The
battery will undergo two phases of decay, each with a definable time span, denoted t; and t,, where:

t, = Decay time from start to 5.9V

t,=Decay timefrom59V to 52V

Borrowing from the curve-fitted formulaof Figure 5.2,
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t; = 67,820* Vgar* (x+2)9%° min

where X isthe sampling rate per hour. If a 15% error factor isincluded, this formula can be readily smplified to:

t 1 = 67,820* Vgar* (X+2)* min

Thetime dday from 5.9V t0 5.2 V can be cdculated with sampling rate as the only variable,

t2= (5.2 V-5.9 V)*(60min/hour)/(-20.038x —11.243 nV/hour)

t ,= 42*10%(20.038x +11.242)™" min

Allowing for a 15% error,

t,=4.2¢10%(2x +1)* min

Combining the two, a battery lifetime formulais obtained:

to=t1+t2

to = 6.78410% Vga* (x+2) 1 + 4.2¢10%* (2x +1)™ min

where x isthe sample rate in samples per hour, and Vg4 represents the new battery voltage level.
The formulafor bettery lifetime includes static and dynamic power disspation and, when compared against red

data, gives less than 15% error. Table 5.2 gives some extragpol ated results based on the battery lifetime formula
and a6.4-V darting voltage. Comparison with actud trid datais given where possible.
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Table 5.2: Lifetime equation results.

Rate t, Test % err to Test % err Lifeime
60/hr| 6,998 | 6,370 | 897% | 34,711| 32,440| 6.54% 29 days
30/hr | 13,560 68,852 57 days
15/hr | 25,525 135,484 112 days

8hr | 43,392 247,059 202 days
4fhr | 72,320 | 69,120 | 4.63% | 466,667 1.02 years
2/hr | 108,48 | 103,68 | 4.63% | 840,000 1.81 years
0 0
Vhr| 144,64 | 139,68 | 3.55% | 1,400,00 2.94 years
0 0 0
Shr | 173,56 2,100,00 4.33 years
8 0
25/hr | 192,85 2,800,00 5.69 years
3 0
Ohr | 216,96 4,200,00 8.40 years
0 0

Time vaues given in minutes unless goecified.

5.2 Battery Replacement

The recorder will need its batteries replaced periodicaly based on the sampling rate and timein use. To replace
the batteries in the recorder, first remove the PCMCIA data card from the recorder. Proceed in removing the
top cover on the recorder by removing the six screws used to attach the cover. Remove the four AA batteries
from the battery holder. To ingtdl, carefully place four new AA batteriesin the battery holder, observing proper

polarity. Reingtd| the top cover of the recorder. Insert the PCMCIA data card.
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Section 6
Recorder User Interface

This section covers the user interface for the data recorder. The data recorder supports seven modes of
operation. A user can obtain the current readings of each sensor electrode in the system. Details will be
discussed in the following sections.

6.1 LCD Display and Buttons

The user interface to the Data Recorder consists of a LCD display and 4 push buttons. The front cover of the
Data Recorder is shown in Figure 6.1.

Current mode.
Result
X
M ODE? CI/
Cl=2.664
MODE EXECUTE LIGHT POWER

Figure6.1: Front cover of datarecorder.

The digolay contains two lines:

1. Current Mode—Tdls the currently selected mode.

2. Result—Shows the results of the current mode after execution of amode.
The four push buttons are described as follows:

1. Mode—Used to sdect among the seven available modes.

2. Execute—Used to execute the selected mode.

3. Light—Turns on/off the backlight on the LCD.

4. Power — Turns on/off the LCD power.

6.2 M odes of Operation

The data recorder user interface has seven modes of operation as described bel ow:
1. Self Test—Thismodeisused to test the system. When it is executed, the output will indicate the
datus of the system. “ System Okay” isthe norma response when executed. If thereis aproblem
with one of the sensors in the system, the response will indicate the sensor that failed.
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An example response for a Ph sensor failure is asfollows: “Fallure=>Ph.” When asystem isfirst
powered up, running a sdf-test is recommended to check the system.

2. CL—Mode used to measure the chloride ion eectrode. The output of this mode is the measured
potentail in volts from the sensor output.

3. Ph—Mode used to measure the Ph eectrode. The output of this mode is the measure potentia of
the Ph sensor in volts from the sensor.

4. Temp—Mode for measuring the temperature dectrode. The output is the measured potentia from
the temperature sensor in volts. Refer to Section 6.4 for the potentia to degrees Celsius conversion
table.

5. Free Pot—Mode for measuring the free-potentia eectrode. The ouput is the measured potentid
from the free-potential eectrode in volts.

6. Humid.—Mode for measuring the humidity eectrode. The output is the measured potentia from the
humidity sensor in volts. See Section 6.4 for the potentid to percent relative humidity conversion
table.

7. Battery—Tedsthe batteries in the system. Norma responseis “Battery Okay.” If the batteries are
low, the output will state “Battery Low,” and the batteries should be replaced.

6.3 Operation of the Interface

The fallowing flow chart indicates the sequence of events needed to take a sample with the interface.
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YES

Power On
Power on LCD by pressing power

|

Made Selection
Select mode by pressing mode button.

Isthe correct

mode salected?

Execute

Execute current mode again?

Execute another mode?

Press Execute button to execute current mode. ]

Power Off

Turn off power by pushing power button.
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